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The laboratory wo a requested to develop a pyrotechnic ecruposition 
vrtiich during burring would emit radiations wliich arc not present 
in solar radiations at an altitude of 60,000 feet* Atmospheric 
ozone at altitudes above 60,000 feet absorbs radiations of less 
than 2900 A. It would be iispractical to consider wavelengths of 
leas than 2?C0 A becaiise of atmospheric scattering. For those 
reasons, attc -rpte were nade to develop conposit5-ons which would 
provide rr.dr.ar.t energy in the 2700-2 ;/00 A wavelength region. 
Several cor --positions were prepared and spectrograpliically examined 
for ultra violet content,, Although incandescent particles ixi the 
pyrotechnic flanes of several compositions produced radiation 
ccntinuuT33 which extended 'io the desirsd spectrun region, the 
total available energy in this region was found to be exceedingly 
ssallo Attempts to incroaso the radiant energy in the 2?00=-2?OG A 
v.tvelongth regicn by excitation of nolecular band spectra were not 
successful* 

Frfd:     Thi3 taenoranclua is based on experimental work carried out jointly 
by representuiivrs of the Vmraunition and Physical Optios iJxva.sa.fins 
Tl.s data find Go;iclusions represent the best judgment of these 
divisions at this tiaoo 

Rafo:    (a) BuOrd ltrc to t'OL File HP£l(no2a> dated 29 June TSUB»  IIOL 
File :!P^1/S7(J-1(6-15!2) 

(b) Pearsa, »t.W.B. and Gaydon, A„G. '"Pho Identification of 
Molecular Spectra'-' Chapman & Hall, London, l?ul0 

lincisx    (A) Table I, Table II aud Table IIIa 

(13) Elates I through Plate V3 
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NOTICE: When government or other drawings, speci- 
fications or other data are used for any purpose 
other than in connection with a definitely related 
government procurement operation, the U. S. 
Government thereby incurs no responsibility, nor any 
obligation what soever',  and the fact that the Govern- 
ment may have formulated, furnished, or in any way 
supplied the said drawings, specifications, or other 
data is not to he regarded by implication or other- 
wise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights 
or permission to manufacture, use or sell any 
patented invention that may in any way be related 
thereto^ 



1.-,   Pefcrenca (a) requested tlie laboratory to develop a burning 
Sype pyroteclinic composition which would provide a high level of radiant 
energy in that region of the spectrum from w'lich all solar radiation is 
absorbed by the earth's atnosplsere above 60,000 feoto In order for a 
pyrotechnic composition to neet the above requirements, an appreciable 
portion of tlie radiant energy enitted froa a burning composition should 
fall in wavelengths of loss than 2900 A„ Solar radiant energy of less than 
2900 A In absorbed at altitudes above 60,000 feet by atmospheric ozone« 
Another practical limitation is imposed by the atmospheric scattering of 
radiant energy of wavelengths less tl«an 2700 A. Therefore, the investi- 
gation of pyrotechnic compositions which during burning emit radiations 
ia the wavelength region of 2700-2900 A api**ared to be the most desirable 
approacho '•$» transmission in this region under optimum conditions ia 
approximately U0£ por mile compared to 6o;5 per mile for visible radia*ion<. 

20   The spectra of pyrotechnic flames consist of superimposed line, 
band and continuous spectra due to atoms, molecules and incandescent 
particles» Incandescent particles in pyroteclmie flames produce a radiation 
continuum somewhat similar to that produced by black body radiatorsA 
Because the temperatures of pyrotechnic flames rarely exceed 3000 K, ths 
energy obtained from incandescent particles in the 27OO=-29f>0 A wavelength 
region normally will not be more than ,001 percent of the total energy. 
The energy in this region can be increased by excitation of molecular 
band spectra0 The available excitation energies are detennined by the flame 
temperatures and therefore in conventional pyrotechnic flames are limited 
to a few electron voltso Because of the tsmpsrature limitations, the 
desired band spectra must crise froa transitions between a few of the 
lower levels or the molecules, the lewer level being the ground state and 
the upper level not flaeeeeding " fesr electron volts 9 

3-   A survey of molecular emissioii spectra was unoertalren to determine 
possible pyrotechnic formulations which might produce the desired radiations. 
Reference (b) indicated that if sufficient excitation energy was available 
in a flame containing boron oxide (BO), phosphorous oxide(PO), silicon 
oxide (3i0) or sulfur (S2)j. band spectra in the desired wavelength region 
would be produced,. Table I of enclosure (A) lists the desired molecular 
emitter?!, the band spectra and the excitation energy of each emitter„ 

U,   The formulations of the experimental compositions investigated 
are shown in. Table II of enclosure (A), which also indicates the desired 
raolocular emitter from each pyrotechnic composition^ It should be noted 
that every attempt was made to obtain high flat.se temperatures with a 
burning rather than an explosive mixture,, For this reason the percentage 
of magnesium in the sodium nitrate mixtures "<*as kept low0 Vlax was used 
as a binder end also as a means of increasing the burning time of the 
pressed pellets0 The graphite facilitated the pressing of the compositions 
into compact pellets. 
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£o   The radiation froai the burning flares was recorded by means 
of a Bausch and Lonb n3d3.ua quarts 3pectrographa Tha spectrograms 
obtainssd are shown in Plates I through Plate V of enclosure ( ":)• I**~ 
formation re sardine each s: 'i' ^rogrszi is found in Table III of encloimre 
(A), 

6,   As discussed in paragraph 2, ccntimm were obtained with line 
and band spectra supcrii.'posed. The continuum shown in plato IV, Figure 
1 extends to approximately 2700 A» Self reversal of" the 2o>2 A nagnesiun 
line (PX^te IV > indicates that ey:citation energies of at least li„3 
electron volts were produced. Attenpts to produce radiation in tha 2700- 
2900 A vravelongth region by excitation of nolecular band spectra were not 
successful* 

7»   It can be concluded that tlie radiant energy obtainable in the 
short wavelength regions of tlie spectrum is appreciably limited by the 
flame toripornture of the burning pyrotechnic compositions. It is folt 
that it would be useless to investigate additional flare conpositions until 
the high levoi radiant energy requested by reforence (a) is defined. It 
is believed tliat a pracMcfil definition could be obtained by dnternining 
the ainijiup energy in the dosired vravclcngth region which would nnet the 
tactical requireraents of proposed receivers* 

0,8   Tiiis report Geminates the r/ork which has been undertaken in 
connection ith the project, esbablialied by reference (a). 

L. LoFiego 

E. H. linger 
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Table I (Enclosure (A) 

Desired Molecular Emitter 

Boron Oxide (BO) 
Phosphorous Oxide (PO) 
Silicon Oxide (SiO) 
Sulfur (32) 

Composition 
flmsber 

1 

2 

3 

h 
5 
6 
i 

8 

9 

10 

11 

12 

13 

llxcit-at-ion. Energy 
(KLectron volts) 

5.29 
5.0 
5.26 
3.91U 

Table II (Enclosure (A) 

Band SjKjctra (A) 

3k93-2203 
2721-2200 
2925-2176 
6300-230C 

Foraulation (% by w,tt) 

IJaII03-60; :>U0 

I!all0y68o50 |!4e-6. 05 ;P-13 Ji j v/iUC-6.85 % 
Graphite U«3g 

l!a!f03-6U5ng-3„2#0;Si*1203j".,AX-6i5iOrapliite 3»9 

lla!!03-70jD-3O 

IJaII03~50}!!slOjnaSi-10;r!-22; ,'AX-5;arapljite 3 

HaIi03-50j!!gl0^ni-I0;n-225-rAX 5; Graphite 3 

lIal.T03-50iI!G-5jP-10#:>27;vrAX-5jCiraphite 3 

!!aIT03-oO;T!2-l8a3jP-12|V.-AX 6% Grapliite 3-7 

IJa(lI03)2-5l.6}!lg»36e2|CaSi-.3a|Al-2.1|TJAX 7 

Pornula 9-90;'|P-10>5 

Fornula 9«902jSi«lCX' 

Fornula 9~90£j3-102 

UalJ03-33.3^;2rN03.-33o3^jB-33s35S 

Desired 
Emitter 

DO 

PO 

S^ 

BO 

SiO and BO 

SIO and BO 

BO and PO 

PO 

SiO 

PO 

SiO 

s. '2 
BO 
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Table III (Enclosure (A) 

Plate Uuinber Figure? Number 
(See iinclosure (B)        (See Enclosure (3) 

I 

I 

I 

II 

II 

II 

III 

III 

IV 

3? 

IV 

1 

2 

3 

1 

2 

3 

1 

2 

1 

C Disposition 
Nuriber 
(See Table II) 

lixpofjure Tirae 
(Sees,,) 

1 15 

2 15 

3 l 

h 2.5 

5 
6 9 

7 2,5 

8 12 

9 15 

10 6 

21 10 

12 10 

13 10 
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